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(54) PHOTOSTIMULABLE PHOSPHOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a photostimulable phosphor 
having afterglow far longer than that of commercial yellowish-green 
ZnS:Cu photostimulable phosphors, blue to green luminescence and 
afterglow, and chemical stability and excellent weather resistance. 
SOLUTION: This phosphor is represented by the formula: 
m(Sr1-aM1a)0.n(Mg1-bM2b)0.2(Si1cGec)02:EuxLny (wherein Ml is 
Ca or Ba: M2 is Be. Zn or Cd; Ln is Sc, Y, La. Ce. Pn Nd. Sm. Gd. Tb, 
Dy, Ho. Er. Tm, Yb, Lu, B. Al, Ga, In. Tl, Sb. Bi. As. P, Sn. Pb. Ti. Zr, Hf, 
V, Nb, Ta. Mo. W. Or or Mn, and a. b. c, m. n. x and y are in the 
following ranges: 0≤a≤0.8, 0≤b≤0.2, 0≤c≤0,2, 
1.5≤m&le:2.5. 0.5≤m≤1.5, 1 x 10-5&[e;x≤1 X 10-1. and 1 x 
10-5≤y8de;l x 10-1) and further contains halogen atoms (F. CI. Br or 
I) in an amount in the range of 1 X 10-5 to 1 x 10-1g.atom/mol of the 
matrix. 
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CLAIMS 



[Claim(s)] 

[Claim 1]lt Is expressed with empirical formula mCSr^^^M^ ^ O-nCMg^^l^M^ ^ O and 2(Si^_^.genmanlumjj)02:EUjjLny in Eu 
activation silicate phosphorescent materials, An element more than a kind as which M^'" formula chosen from Ca 
and Ba. an element more than a kind as which was chosen from Be, Zn, and Cd, The co-activattng agent Ln Sc. Y, 
La. Ce. Pr, Nd, Sm. Gd. Tb. Dy. Ho. Er. Tm. Yb. Lu. B. aluminum. Ga, In. Tl. Sb. Bi. As. P, Sn. Pb, Ti. Zr. Hf, V. Nb. Ta. Mo. 
W, Cr. And an element more than a kind chosen from Mn is shown, and the inside a, b, and c of a formula, m. n. x, and y 
are in the following range, And phosphorescent materials, wherein said fluorescent substance contains a halogen more 
than a kind chosen from F. CI, Br, and I in the range of 1 mol of 1x10"^ lx10"^g--atm / parents. 
0 <=a<= 0.80 <=b<= 0.20 <==c<= 0.21.5 <=m<= 2.50.5 <=n<=1.51x10-5<=x<= 1x10-^1x10-5<=y<= 1xlO-^[Claim 2]The 
phosphorescent materials according to claim 1 being the elements more than a kind as which said co-activating agent 
Ln was chosen from Dy. Nd, Tm, Sn. In, and Bi [Claim 3]when [ at which it is based on ultraviolet rays and/or visible 
light of the range of 140-450 nm ] carrying out excitation afterbaking temperature up, beyond a room temperature sets 
at least — ** — the phosphorescent materials according to claim 1 or 2 presenting heat fluorescence 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Detailed Description of the Invention] 

:oooi] 

[Industrial Application]This invention can be used as indoor, the outdoors, a display [ in / further / dark places, such as 
underwater, ], and a light source, is excellent in weatherability, has high-persistence, and relates to the phosphorescent 
materials of a silicate system of the europium main activation which presents green emission from blue by excitation of 
ultraviolet rays and/or visible light 
[0002] 

[Description of the Prior Art]Phosphorescent materials are fluorescent substances which maintain luminescence, even 
after making a certain excitation give and emit light to a fluorescent substance, and suspending excitation. By the way, 
as for phosphorescent materials, multiple-color-izing of phosphorescent materials, long^afterglow-izing, and 
weatherability improvement are called for with diversification of a display, and advanced features. The kind of color of 
luminescence and an afterglow was limited, and the conventional phosphorescent materials had bad weatherability, and 
its afterglow time was short 

[0003]By the way, as blue light phosphorescent materials, the S:Cu (Zn. Gd) fluorescent substance is known as a 
ZnS:Cu fluorescent substance and red light phosphorescent materials as a S:Bi (Ca, Sr) fluorescent substance and 
yellowish green luminescence phosphorescent materials. 

[0004] However, since the chemical stability of a parent is very bad and luminosity and a persistence characteristic do 

not have it either, the above-mentioned (Ca. Sr) S:Bi fluorescent substance is hardty used now. [ enough ] Cd whose 

S:Cu (Zn. Cd) fluorescent substance is a toxic substance occupies the half of the parent 

Since luminosity and a persistence characteristic are also unsatisfying, it is hardly used now. 

Ultraviolet rays decompose and it is easy to carry out melanism also of ZnS:Cu under existence of humidity, and 

although a persistence characteristic is also dissatisfied, since it is cheap, it is used abundantly at indoor types, such 

as a dial face, an escape guide sign, etc. of a clock. 

[0005] 

[Problem(s) to be Solved by the Invention]This invention cancels the above-mentioned fault has the long afterglow 
characteristic, has green emission from blue, is still more chemically stable and tends to provide phosphorescent 
materials excellent in weatherability. 
[0006] 

[Means for Solving the Problem]That is, this invention is the green emission phosphorescent materials from blue which 
consists of the following composition. 

(1) It is expressed with empirical formula m(Sr^_gM^ g) 0-n(Mg^_jjM^ ^) O and 2(Si^_^,germaniumj,)02:EUjjLny in Eu 

activation silicate phosphorescent materials. An element more than a kind as which was chosen from Ca and Ba 
among a formula, an element more than a kind as which was chosen from Be, Zn, and Cd, The co-activating agent 
Ln Sc. Y, La, Ce. Pr. Nd. Sm. Gd, Tb. Dy. Ho. Er, Tm. Yb. Lu, B, aluminum. Ga. In. Tl. Sb. Bi, As. P, Sn, Pb, Ti. Zr. Hf, V. 
Nb. Ta, Mo. W, Cr And an element more than a kind chosen from Mn is shown, and the inside a, b, and c of a formula, 
m, n, x, and y are in the following range, and and said fluorescent substance. Phosphorescent materials containing a 
halogen more than a kind chosen from F. CI, Br. and I in the range of 1 mol of 1x10"^ - IxIC^g-atm / parents. 
0 <=a<= 0.80 <=b<= 0.20 <=c<= 0.21.5 <=m<= 2.50.5 <=n<=1.51xl0"5<=x<= 1xl0"Mx10"5<=y<= 1xl0-l[0007](2) 
Phosphorescent materials given in above-mentioned (1), wherein said co-activating agent Ln is an element more than a 
kind chosen from Dy, Nd, Tm, Sn, In, and Bi [0008](3) Phosphorescent materials the above-mentioned (1) or given in (2) 
characterized by presenting thermoluminescence at least beyond a room temperature when [ at which it is based on 
ultraviolet rays and/or visible light of the range of 1 40-450 nm ] carrying out excitation afterbaking temperature up 
[0009] 

[A mode of implementation of an invention] This invention persons are the fluoresoent substance parents (it is M^=Ca, 
Sr, and Ba and) of an 0(Sr, M^)-(Mg, M^) 0-(Si, germanium) Og system. M^=Be, Zn, and Cd — it is — when 

examination was advanced to a center, it found out that a fluorescent substance parent suitable for long 
afterglow-ization existed in a presentation region of a field shown in drawing 1 w ith a slash. That is, it is expressed with 
empirical formula m(Sr, M^) 0-n(Mg, M^) O and 2(SI, germanium)02, and the range of 0.5<=n<=1 .5 is suitable for m and 
n by 1.5<=m<=2.5. 

[00 10] And in this invention, activate with Eu to the above-mentioned fluorescent substance parent and. Ln (Sc, Y, La, 
Ce, Pr. Nd. Sm. Gd, Tb, Dy, Ho, Er. Tm, Yb, Lu, B, aluminum, Ga, In, Tl. Sb, Bi, As, P, Sn. Pb. Ti. 2r. Hf, V. Nb, Ta, Mo, 
and W — Cr.) And by making it coactivate by an element more than a kind chosen from Mn, and making a halogen 
(element more than a kind chosen from F, CI, Br, and I) contain, It succeeded in optimization of a luminescence center 
(Eu) and a content element and it had a very long persistence characteristic, and it was chemically stable and 
succeeded in obtaining phosphorescent materials of green emission from blue excellent in weatherability. Also in the 
above^entioned co-activating agent Ln, Dy, Nd, Tm, Sn, In, and especially Bi are excellent 

[001 l]in an empirical formula of this invention — the amount a of substitution of Sr (mol) — 0<=a<=0.8 — good — 
better — the range of ** 0<=a<=0.4 is suitable, and if It replaces exceeding 0.8. an effect of improvement in a 
persistence characteristic will decrease, the amount b of substitution of Zn (mol) — 0<=b<=0.2 — the range of 
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0<=b<=0.1 is preferably suitable, and if it replaces exceeding 0.2. an effect of Improvement in a persistence 
characteristic will decrease, the quantity c (mol) which replaces Si by germanium — 0<=c<=0.2 — good — better — 
the range of** 0<=c<=0.1 is suitable, if 0.2 is exceeded, there will be few effects of improvement in a persistence 
characteristic* and luminosity will also fall. 

[0012]m(Sr, M*^) O which is a parent constituent of a fluorescent substance, a value of said m which determines 
composition ratio of n(Mg, M^) O and 2(Si, germanium)02, and n — 1.5<=m<=2.5 and 0.5<=n<=1.5 — the range of 

1.7<=m<=2.3 and 0.7<=n<=1.3 being preferably suitable, and. Since compounds other than the purpose are made or a 
material oxide remains if it separates from this range, luminosity falls. 

[0013]the loadings x of Eu of an activator (g-atm) — 1x10"^<=x<=lx10"^ — the range of Ix10*''^<=x<=5x10"2 is 
preferably suitable, by [ess than 1x10"^, a luminescence center decreases and the target luminosity is not obtained. If 
1x10*"^ Is exceeded, will start concentration quenching and luminosity will fall, and a persistence characteristic also falls. 

[00t4]The loadings y of the co-activating agent element Ln (g-atm). 1x10"^<=y<=1x10"^ — • the range of 
1x10""^<=y<=5x10"^ being preferably suitable, and. By less than 1x10"^ there is no effect in a persistence 
characteristic, and since light will be emitted with a co-^ctivating agent element if 1x10"^ is exceeded, luminescence of 
a green field cannot be obtained from blue. 

[0015]Some halogens added to a fluorescent substance of this invention work as a fusing agent to diffusion of crystal 
growth, a luminescence center, and the co-activating agent element Ln, and raise luminosity and a persistence 
characteristic, the addition z of a halogen (g^atm) — a value as an analytical value of the back, such as washing 
processing, — 1xlO~^<=z<=lx10''^ — Ixl0"'*<=z<=lxl0^^ is preferably suitable. If less [ if 1x10"^ is exceeded, a 
fluorescent substance will sinter and processing to a granular material will become difficult, and ] than 1x1 0~^, 
inconvenience, such as instant light emitting luminance and an afterglow fall, will arise. 

[0016]And after excitation by ultraviolet rays and/or visible light of the range of 140-450 nm, phosphorescent materials 
of this invention present thermoluminescence beyond a room temperature, when heating and carrying out temperature 
up of this fluorescent substance. 

[001 7] Phosphorescent materials of this invention are compounded as follows. Parent element Sr, (M^=Ca, Ba), Mg, 
(M^=Be, Zn, Cd), Si, germanium, and activator Eu and the co-activating agent Ln use a fluorescent substance raw 
material in a form of salts, such as carbonate, a nitrate, a chloride, etc. which can turn into an oxide easily by an oxide 
or calcination respectively. A halogen is used in a form of a halogenated compound of ammonium salt, alkali metal salt, 
or the above-mentioned composing element (a parent composing element, activator element Eu. co-activating agent 
element Ln). And it extracts so that it may become a composition range of the above-mentioned empirical formula, and . 
It fully mixes by a wet type or dry type. A rare earth raw material comrade may make it mix by coprecipitatlon. 
[001 8] Heat-resistant containers, such as an alumina crucible, are filled up with this mixture, and it is calcinated once or 
more at 800-1400 ** in 1 to 12 hours In reducing atmosphere of hydrogen content inert gas, or carbon reduction 
atmosphere. Also when performing two or more calcination, the last baking process Is certainly performed in reducing 
atmosphere. This fired material is ground, weak ore pickling, rinsing, desiccation, screen analysis, etc. are performed, 
and phosphorescent materials of this invention are obtained. 

[001 9]Drawing_2_is the X diffraction figure which checked a crystal structure of phosphorescent-materials 
Sr^ 995^S^i2^7'^"o.005^yo 025^^0 025 compounded in Example 1. Even if it replaced a part of Sr, Mg, and Si by other 
elements in the range given in a claim among this fluorescent substance presentation, almost same result was shown. 
[0020]Phosphorescent-materials Sr^ i95CaQgMgSi20y:EuQQQ5DyQQ25BrQ by which drawing 3 was compounded in 
phosphorescent materials (curve a) of Example 1, and Example 2 (curve b), As opposed' to phosphorescent-materials 
SrQgggBa^ QMgSi20^:EuQ QQjDyQ QjgBrQ (curve c) compounded in Example 3. It was what showed an emission 
spectrum when excited by 365-nm ultraviolet rays, and each emission peak wavelength was 470 nm, 500 nm, and 450 
nm. Even if other elements replaced a part of these fluorescent substance presentations with a claim in the range of a 
statement, almost same result was shown. 

r0021l Drawing 4 measures and shows a field of an excitation spectrum using phosphorescent materials of Example 1. 
Measurement of a field of an excitation spectrum fixes spectrum wavelength of an output side of a spectrophotometer 
to 470 nm, it is what plotted intensity of 470 nm (outputted ray) when excited wavelengths of light irradiate a sample 
were changed, and a vertical axis means wavelength of excitation light which scans relative luminescence intensity of 
470 nm, and a horizontal axis. Even if other elements replaced a part of this fluorescent substance presentation with a 
claim in the range of a statement, almost same result was shown. 

F0022] Drawing 5 Phosphorescent materials of Example 1 (luminescence spectral peak wavelength of 470 nm), 
Phosphorescent materials of Example 2 (luminescence spectral peak wavelength of 500 nm), Phosphorescent materials 
of Example 3 (luminescence spectral peak wavelength of 450 nm), phosphorescent materials (Sr^ g95M£^(2^7'^'^0005'^ 
the comparative example 1 to luminescence spectral peak wavelength of 470 nm, and phosphorescent materials 
(ZnS:Cu, luminescence spectral peak wavelength of 51 6 nm) of the comparative example 2. it glared for 30 minutes at 
300 luxs using a daylight fluorescent lamp, and a persistence characteristic 2 minutes after an exposure stop was come 
out of and measured. Like the above-mentioned statement, a measuring method irradiated a sample with a daylight 
fluorescent lamp of SOW, and measured luminosity of an afterglow for an afterglow of a fluorescent substance after 
turning off the lamp with a luminance meter with a spectral-luminous-efficacy Alter. 

[0O23]It turns out that Example 1 which is phosphorescent materials with a luminescence spectral peak wavelength of 
470 nm has a very remarkable persistence characteristic to the comparative example 1 so that cleariy from drawing 5. 
It turns out that it has the persistence characteristic which was excellent even if It contrasted them with a ZnS:Cu 
yellowish green luminescence fluorescent substance of the comparative example 2 equivalent to a commercial item, 
although phosphorescent materials of Examples 2 and 3 also differed in the luminescent color. 1 
[0024] Drawlng 6 t o phosphorescent materials of Examples 1-3 A daylight-fluorescent-lamp 300 lux 15-second 
exposure. It is the graph which measured the thermoluminescence characteristic (glow curve) 1 minute after an 
exposure stop with a heating rate of about 8-1 0 **/second using the Kasei Optonix. Ltd. make and a TLD leader 
(KYOKKO TLD-1 300 improvement type), and showed the result. When temperature up of the phosphorescent materials 
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of Examples 1-3 is carried out with the above-mentioned heating rate in a temperature region beyond a room 
temperature so that clearly from curvilinear a-c of drawing 6. it turns out that relative heat fluorescence intensity is 
increasing. 

[0025]$ince phosphorescent materials of this invention show high-intensity high-persistence extremely as mentioned 
above, and it is chemically stable, even if it excels in weatherability. and they compare it with phosphorescent materials 
of the conventional ZnS system, they enable use for a large use. such as not only indoor but the outdoor type. For 
example, it can apply to the surface of various articles, or can mix on plastics, rubber, vinyl chloride, a synthetic resin, 
or glass, and can use for a road sign, a visual recognition display, accessories, leisure goods, a clock, OA equipment, 
educational aid. a safety sign, a building material, etc. as a molding body or a fluorescent screen. 
[0026] 
[Example] 
[Example 1] 

The raw material of the SrCOgZQ.S gMgO 4.0 gSiO2l2.0 gEu2O30.09gDy2O30.47gNH4Gl 2.3 g above is fully mixed, The 

alumina crucible was stuffed and it calcinated at 1150 ** for 2 hours using the electric furnace in the reducing 
atmosphere of 2% of 98% of nitrogen hydrogen. Grinding, rinsing, desiccation, and screen analysis were performed for 
the obtained fired material, and phosphorescent materials were obtained. 

[0027]This fluorescent substance has the presentation of Sr^ 995'^sSi20-7:EuQ qqj and DyQ^gsCloozs* ^ diffraction 
figure of drawing 2 is shown, when it excites by 365-nm ultraviolet rays, an emission spectrum is as drawing 3 Ccurve 
a), and the emission peak wavelength has the blue light light storaging of 470 nm. The excitation spectrum had spread 
to the visible range like drawing 4. The persistence characteristic showed long afterglow so that drawing 5 ( curve a) 
might be shown. The glow curve was as drawing 6. The emission peak wavelength of a fluorescent substance, the 
persistence characteristic (about the luminescence intensity of the 2-minute back of an exposure stop and 60 minutes 
after, it is a ZnS:Gu yellowish green luminescence light storage fluorescent substance luminescence intensity ratio 
made 100%). and the peak temperature value of the glow curve were indicated to Table 1 and 2. 
[0028][Example 2] 

The raw material of the SrCOglT.e gCaCO38.0 gMgO 4.0 gSIO2l2.0 gEu2O30,09gDy2O30.47gNH4Br 3.3 g above is fully 
mixed. The alumina crucible was stuffed and it calcinated at 1200 ** in carbon reduction atmosphere for 2 hours using 
the electric furnace. Grinding, rinsing, desiccation, and screen analysis were performed for the obtained fired material, 
and phosphorescent materials were obtained. 

[0029]This fluorescent substance has the presentation of Sr^ ^ggCaQgMgSigOyiEuQQQg and DyQQ25^ •'0.025' When it 
excites by 365-nm ultraviolet rays, an emission spectrum is as drawing 3 (curve b), and the peak has the green 
emission light storaging of 500 nm. The persistence characteristic showed long afterglow so that drawing 5 (curve b) 
might be shown. The glow curve was as drawing 6 (curve b). The emission peak wavelength, persistence characteristic 
(luminescence intensity ratio which made 100% the ZnSrCu yellowish green luminescence light storage fluorescent 
substance for the luminescence intensity of the 2-minute back of an exposure stop and 60 minutes after), and glow 
peak temperature value of the fluorescent substance were indicated to Table 1 and 2, 
[0030][Example 3] 

The raw material of the SrCOgM.? gBaC03l9.7 gMgO 4.0 gSiO2l2.0 gEu2O30.09gDy2O30.47gNH4Br 2.68g above is fully 
mixed. The alumina crucible was stuffed and three between was calcinated at 1 200 ** using the electric furnace in 3% 
of 97% of nitrogen hydrogen reducing atmosphere. Grinding, rinsing, desiccation, and screen analysis were performed for 
the obtained fired material, and phosphorescent materials were obtained. 

[0031]This fluorescent.substance has the presentation of Srp gggBa^ QMgSi2O7:EuQ0Q5DyQQ25BrQQ25. When it excites by 
365-nm ultraviolet rays, an emission spectrum is as drawing 3 ( curve c), and the peak has the blue-green luminescence 
light storaging of 500 nm. The persistence characteristic showed long afterglow so that drawing 5 ( curve c) might be 
shown. The glow curve was as drawing 6 ( curve c). The light emission peak value of a fluorescent substance, the 
persistence characteristic (luminescence intensity ratio which made ZnS:Cu yellowish green phosphorescent materials 
100% for the luminescence Intensity of the 2-minute back of an exposure stop and 60 minutes after), and the peak 
temperature value of the glow curve were indicated to Table 1 and 2. 

[0032] [Examples 4-19] The phosphorescent materials of Example 1 and Examples 4-19 which have the presentation of 
a statement in Table 1 in a similar way were obtained. The light emission peak value, persistence characteristic 
(luminescence intensity ratio which made 100% the ZnS:Cu yellowish green luminescence light storage fluorescent 
substance for the luminescence intensity of the 2-minute back of an exposure stop and 60 minutes after), and glow 
peak temperature value of the fluorescent substance of Examples 4-19 were indicated to Table 1 and 2. 
[0033] [Comparative examples 1-2] The Sr^ 995MgSi207:EuQQQ5 phosphorescent materials of the comparative example 1 

were obtained like Example 1 except having omitted combination of the co-activating agent element Ln and the 
halogen. The comparative example 2 made the reference sample the ZnS:Cu yellowish green luminescence 
phosphorescent materials by Kasei Optonix, Ltd. (LC-G1). The peak value of the emission'peak wavelength of these 
fluorescent substances, the persistence characteristic (luminescence intensity ratio which made 100% ZnS:Cu yellowish 
green luminescence phosphorescent materials for the luminescence intensity of the 2-minute back of an exposure stop 
and 60 minutes after), and the glow curve was indicated to Table 1 and 2. 
[0034] 
[Table 1] 



3/4 



2009/08/26 10:48 



JP.09-194833,A [DETAILED DESCRIPTION] 



http://www4.ipdl.inpit.go.jp/cgi-bin/t..000&N0550=1 1111110111111 000000&N0580=0 





ifc ^ ifl fiJc ^ 


(ntfi) 




60^ « 


<-c) 


^ I 


Sri. iiaMgSizQTiEoo. ««iDyo. oisClf. ez» 


470 


480 


1540 


90 


* 2 


Sri igsCao. iHsSi zOt :Euii. aoaOVo. oisBl'e. tzi 


500 


180 


250 


70 


^ 3 


Srs. igaBai. DUgSizO? :Euo. o«sDy6. izsBre. usi 


450 


195 


440 


100 


^4 


Sr>. f ssMgSisOi :Euo. ^tiDvo. ais 


470 


60 


180 


85 


^ 5 


Sri. 1 9 sMgSi iOt :Eud. disDyo. d^sCU. 09 


470 


870 


2530 


95 


m 6 


Srt »g9MgSi2Gi :B\jp. atsDye. oi&Br*. oa 


470 


705 


1330 


95 


m 7 


Srj. j^MgSisOT :Eui). mDyi. otsFo. oi 


470 


195 


280 


80 




br). I TMgb 1 2O7 :Euo. ojUyi. a2ACJD. izs 


470 


450 


390 


90 




470 


:130 


710 


80 


HlO 1 Srj. i«>MgSiiOi :Eua. y«sNdo. uzbBr^. aas 


470 


75 


210 


7ft 


:0035] 
[Table 2] 








<b ^ ffl ^ 


(nm) 




ma) 

60$>^ 


CC) 


«ll 


Sru a9 sHgSi 1O7 :Buo. loaTuo. Qt»Bro. »ts 


470 


70 


200 


80 


fll2 


Si'i. 99»MgSi zQt :Buo. pt&Inu. ixj^Bra. 029 


470 


45 


120 


75 


1113 


Sri.t«KHgSi 207 :Bu<}. 8o«Bio. issBro. ots 


470 


40 


110 


70 


ill4 


Stl. •« lUgSi sOi :Eut. oobSiiii. otsBro. 0x8 


470 


45 


110 


80 


%15 


Srs. siiBai. •MgSi sO? :Euo. oosDVft. DtiBro. 939 


470 


45 


230 


90 


*16 


Si x. 9isMg». >Zno. iSisOriBUu. uu»Dv». .saClfl. ta 


470 


525 


1330 


BO 


^^17 


Sri 9?5MgSij n pGeo. :Euii. oosDVo. oibCU. 0 1» 


470 


, 330 


1200 




^18 


1 Sr 1. *j »»Mj5o. 8 iCdo. u sS i 20? : Eu o. n « aDv a. 0 3 4^ 1 0 a 


i 470 j 4)^0 








Sri, ssiMgo. aiBco. o3Si207:Eufl. oasCU. 021. 


470 


395 


900 


80 


it 1 


Sfi. DSiMgSizOirEud. «o» 


470 


3 


0 


80 


ifc 2 


ZnS:Cu 


516 


100 


100 


120 



[0036] 

[Effect of the InventionlThe above-mentioned composition is adopted In this invention. 

Therefore, even if it is chemically stable and compares with a commercial ZnS system yellowish green luminescence 
light storage fluorescent substance, with high-intensity, offer of the blue - green phosphorescent materials which show 
a far long afterglow is enabled for the first time, and it contributes to multiple coIorHzed multi-functionalization of a 
display greatly. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL HELD 



[Industrial Application]This invention can be used as indoor, the outdoors, a display [ In / further / dark places, such as 
underwater, ], and a light source, is excellent in weatherability. has high-persistence, and relates to the phosphorescent 
materials of a silicate system of the europium main activation which presents green emission from blue by excitation of 
ultraviolet rays and/or visible light. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the orig^nat precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art]Phosph orescent materials are fluorescent substances which maintain luminescence, even 
after making a certain excitation give and emit light to a fluorescent substance, and suspending excitation. By the way. 
as for phosphorescent materials, multiple-color-izing of phosphorescent materials, long-afterglowHzing, and 
weatherability Improvement are called for with diversification of a display, and advanced features. The kind of color of 
luminescence and an afterglow was [imited. and the conventional phosphorescent materials had bad weatherability, and 
its afterglow time was short. 

[0003]By the way, as blue light phosphorescent materials, the S:Cu (Zn. Cd) fluorescent substance is known as a 
ZnS:Cu fluorescent substance and red light phosphorescent materials as a S:Bi (Oa, Sr) fluorescent substance and 
yellowish green luminescence phosphorescent materials. 

[0004]However, since the chemical stability of a parent is very bad and luminosity and a persistence characteristic do 

not have it, either, the above-mentioned (Ga, Sr) S:Bi fluorescent substance is hardly used now. [ enough ] Cd whose 

S:Cu (Zn, Cd) fluorescent substance is a toxic substance occupies the half of the parent. 

Since luminosity and a persistence characteristic are also unsatisfying, it is hardly used now. 

Ultraviolet rays decompose and It is easy to carry out melanism also of ZnS:Ou under existence of humidity, and 

although a persistence characteristic is also dissatisfied, since it is cheap, it Is used abundantly at indoor types, such 

as a dial face, an escape guide sign, etc. of a clock. 
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3Jn the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention]The above-mentioned composition is adopted in this invention. 

Therefore, even if it is chemically stable and compares with a commercial ZnS system yellowish green luminescence 
light storage fluorescent substance, with high-intensity, offer of the blue - green phosphorescent materials which show 
a far long afterglow is enabled for the first time, and it contributes to multiple color^ized multi-functional Ization of a 
display greatly. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention]This invention cancels the above-mentioned fault, has the long afterglow 
characteristic, has green emission from blue, is still more chemically stable and tends to provide phosphorescent 

materials excellent in weatherability. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. Thls document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 

[Means for Solving the Problem]That is, this invention is the green emission phosphorescent materials from blue which 
consists of the following composition. 

(1) It is expressed with empirical formula m(Sr^_^M^ J O-nCMg^^^^M^ ^) O and 2(Si^_^germanium^)02:Eu^Lny in Eu 
activation silicate phosphorescent materials. An element more than a kind as which was chosen from Ca and Ba 
among a formula, an element more than a kind as which was chosen from Be, Zn, and Cd, The co-activating agent 
Ln Sc, Y, La. Ce, Pr. Nd. Sm, Gd. Tb. Dy, Ho. Er. Tm, Yb, Lu. B. aluminum, Ga. In. Tl, Sb, Bi, As. P. Sn. Pb, Ti. Zr. Hf. V. 
Nb, Ta, Mo, W, Cr. And an element more than a kind chosen from Mn is shown, and the inside a. b, and c of a formula, 
m. n, X. and y are in the following range, and and said fluorescent substance. Phosphorescent materials containing a 
halogen more than a kind chosen from F. CI, Br, and I In the range of 1 mol of 1x10"^ - IxlO'^gratm / parents. 
0 <=a<= 0.80 <=b<= 0.20 <=c<= 0.21.5 <=m<= ^50.5 <=n<=1.5lxlO-5<=x<= 1x10"Mx10-5<=y<= ix10-l[0007](2) 
Phosphorescent materials given in above-mentioned (1), wherein said co-activating agent Ln is an element more than a 
kind chosen from Dy. Nd. Tm, Sn, In. and Bi [0008](3) Phosphorescent materials the above-mentioned (1) or given in (2) 
characterized by presenting therm oluminescence at least beyond a room temperature when [ at which it is based on 
ultraviolet rays and/or visible light of the range of 140-450 nm ] carrying out excitation afterbaking temperature up 
[0009] 

[A mode of implementation of an invention] This invention persons are the fluorescent substance parents (it is M^=Ga, 
Sr, and Ba and) of an 0(Sr, M^)-(Mg, M^) 0-(Si. germanium) O2 system. tsA^=Be, Zn, and Cd — it is — when 

examination was advanced to a center, it found out that a fluorescent substance parent suitable for long 
afterglow-ization existed in a presentation region of a field shown in drawing 1 w ith a slash. That is, It is expressed with 
empirical formula m(Sr. M^) 0-n(Mg. M^) O and 2(Si, germanium)02. and the range of 0.5<=n<=1.5 is suitable for m and 
n by 1.5<=m<=2.5. 

[0010]And in this invention, activate with Eu to the above-mentioned fluorescent substance parent, and. Ln (Sc, Y, La, 
Ce. Pr, Nd, Sm. Gd, Tb, Dy. Ho. Er, Tm, Yb. Lu. B, aluminum. Ga, In. Tl, Sb, Bi, As. P, Sn, Pb, Ti, Zr. Hf. V. Nb, Ta. Mo, 
and W — Cr.) And by making it coactivate by an element more than a kind chosen from Mn. and making a halogen 
(element more than a kind chosen from F, CI, Br, and 1) contain, It succeeded in optimization of a luminescence center 
(Eu) and a content element, and it had a very long persistence characteristic, and it was chemically stable and 
succeeded in obtaining phosphorescent materials of green emission from blue excellent in weatherabiltty. Also in the 
above-mentioned co-activating agent Ln, Dy, Nd, Tm, Sn, In, and especially Bi are excellent 

[001 l]in an empirical formula of this invention — the amount a of substitution of Sr (mol) — 0<=a<=0.8 — good — 
better — the range of ** 0<=a<=0.4 is suitable, and if it replaces exceeding 0.8, an effect of improvement in a 
persistence characteristic will decrease, the amount b of substitution of Zn (mol) — 0<=b<=0.2 — the range of 
0<=b<=0.1 is preferably suitable, and if it replaces exceeding 0.2. an effect of improvement in a persistence 
characteristic will decrease, the quantity c (mol) which replaces Si by germanium — 0<=c<=0.2 — good — better — 
the range of** 0<=c<=0-1 is suitable, if 0.2 is exceeded, there will be few effects of Improvement in a persistence 
characteristic, and luminosity will also fall 

[0012]m(Sr, M^) O which is a parent constituent of a fluorescent substance, a value of said m which determines 
composition ratio of n(Mg, M^ O and 2(Si, germanium)02. and n — 1.5<=m<=2.5 and 0.5<=n<=1.5 — the range of 
1.7<=m<=2.3 and 0.7<=n<=1.3 being preferably suitable, and. Since compounds other than the purpose are made or a 
material oxide remains if it separates from this range, luminosity falls. 

[0013]the loadings x of Eu of an activator (g-atm) — Ixl0'"5<=x<=lx10"^ ~ the range of Ix10''*<=x<=5x10''2 js 
preferably suitable, by less than 1 x1 0"^ a luminescence center decreases and the target luminosity is not obtained. If 
1x10'^ is exceeded, will start concentration quenching and luminosity will fall, and a persistence characteristic also falls. 

[0014]The loadings y of the co-activating agent element Ln (g-atm). Ixl0'"^<=y<=1xl0''^ — the range of 
1xl0"^<=y<=5xl0"^ being preferably suitable, and, By less than 1x10"^. there is no effect in a persistence 
characteristic, and since light will be emitted with a co-activating agent element if 1x10"^ is exceeded, luminescence of 
a green field cannot be obtained from blue. 

[001 5] Some halogens added to a fluorescent substance of this invention work as a fusing agent to diffusion of crystal 
growth, a luminescence center, and the co-activating agent element Ln, and raise luminosity and a persistence 
characteristic, the addition z of a halogen (g-atm) — a value as an analytical value of the back, such as washing 
processing. — 1xlO"^<=z<=lxlO"^ — 1x1 0"'^<=z<= 1x10"^ is preferably suitable. If less [ if 1x10"^ is exceeded, a 
fluorescent substance will sinter and processing to a granular material will become difficult, and ] than 1x10"^, 
inconvenience, such as instant light emitting luminance and an afterglow fall, will arise. 

[001 6] And after excitation by ultraviolet rays and/or visible light of the range of 140-450 nm, phosphorescent materials 
of this invention present the rmo luminescence beyond a room temperature, when heating and carrying out temperature 
up of this fluorescent substance. 

[0017]Phosphorescent materials of this invention are compounded as follows. Parent element Sr, M^ (M^=Ca, Ba), Mg, 
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(M^=Be, Zn, Cd), Si, germanium, and activator Eu and the co-activating agent Ln use a fluorescent substance raw 
material in a form of salts, such as carbonate, a nitrate, a chloride, etc. which can turn into an oxide easily by an oxide 
or calcination respectively. A halogen is used in a form of a halogenated compound of ammonium salt, alkali metal salt, 
or the above-mentioned composing element (a parent composing element, activator element Eu, co-activating agent 
element Ln). And it extracts so that it may become a composition range of the above-mentioned empirical formula, and 
it fully mixes by a wet type or dry type. A rare earth raw material comrade may make it mix by coprecipltation. 
[001 8] Heat-resistant containers, such as an alumina crucible, are filled up with this mixture, and it is calcinated once or 
more at 800-1400 ** in 1 to 12 hours in reducing atmosphere of hydrogen content inert gas, or carbon reduction 
atmosphere. Also when performing two or more calcination, the last baking process is certainly performed in reducing 
atmosphere. This fired material is ground, weak ore pickling, rinsing, desiccation, screen analysis, etc. are performed, 
and phosphorescent materials of this invention are obtained. 

[00191 Drawing 2 is the X diffraction figure which checked a crystal structure of phosphorescent-materials 
Sr^ 995^6Si207:EuQQQ5DyQ Q25ClQQ25 compounded in Example 1. Even if it replaced a part of Sr, Mg, and Si by other 
elements in the range given in a claim among this fluorescent substance presentation, almost same result was shown. 
[0020] Phosphorescent-materials Sr^ iss^^q gMgSijOyiEuQQQgDyQQgs^'^OOZS which drawing 3 w as compounded in 
phosphorescent materials (curve a) of Example 1. and Example 2 (curve b), As opposed to phosphorescent-materials 
^""O.SSS^^l O^6^'2^7-^"o.O05'^yo,025^'*0.025 ^^^^^ ^) compounded in Example 3, It was what showed an emission 
spectrum when excited by 365-nm ultraviolet rays, and each emission peak wavelength was 470 nm, 500 nm, and 450 
nm. Even If other elements replaced a part of these fluorescent substance presentations with a claim in the range of a 
statement, almost same result was shown. 

[002 11 Drawing 4 m easures and shows a field of an excitation spectrum using phosphorescent materials of Example 1. 
Measurement of a field of an excitation spectrum fixes spectrum wavelength of an output side of a spectrophotometer 
to 470 nm, it is what plotted intensity of 470 nm (outputted ray) when excited wavelengths of light irradiate a sample 
were changed, and a vertical axis means wavelength of excitation light which scans relative luminescence intensity of 
470 nm, and a horizontal axis. Even if other elements replaced a part of this fluorescent substance presentation with a 
claim in the range of a statement, almost same result was shown. 

[00221 Drawing 5 Phosphorescent materials of Example 1 (luminescence spectral peak wavelength of 470 nm), 
Phosphorescent materials of Example 2 (luminescence spectral peak wavelength of 500 nm). Phosphorescent materials 
of Example 3 (luminescence spectral peak wavelength of 450 nm), phosphorescent materials (Sr^ gg5MgSi207:Euo oo5 ) 
the comparative example 1 to luminescence spectral peak wavelength of 470 nm, and phosphorescent materials 
(ZnS:Cu. luminescence spectral peak wavelength of 516 nm) of the comparative example 2, it glared for 30 minutes at 
300 luxs using a daylight fluorescent lamp, and a persistence characteristic 2 minutes after an exposure stop was come 
out of and measured. Like the above-mentioned statement, a measuring method irradiated a sample with a daylight 
fluorescent lamp of 30W, and measured luminosity of an afterglow for an afterglow of a fluorescent substance after 
turning off the lamp with a luminance meter with a spectraHuminous-efficacy filter. 

[0O23]It turns out that Example 1 which is phosphorescent materials with a luminescence spectral peak wavelength of 
470 nm has a very remarkable persistence characteristic to the comparative example 1 so that cleariy from drawing 5 . 
It turns out that it has the persistence characteristic which was excellent even if it contrasted them with a ZnS:Cu 
yellowish green luminescence fluorescent substance of the comparative example 2 equivalent to a commercial item, 
although phosphorescent materials of Examples 2 and 3 also differed in the luminescent color. 
[00241 Drawing 6 t o phosphorescent materials of Examples 1-3 A daylight-fluorescent-lamp 300 lux 15-second 
exposure. It is the graph which measured the thermoluminescence characteristic (glow curve) 1 minute after an 
exposure stop with a heating rate of about 8-10 **/second using the Kasei Optonix, Ltd. make and a TLD leader 
(KYOKKO TLD-1300 improvement type), and showed the result. When temperature up of the phosphorescent materials 
of Examples 1-3 Is carried out with the above-mentioned heating rate In a temperature region beyond a room 
temperature so that cleariy from curvilinear a-c of drawing 6. it turns out that relative heat fluorescence intensity Is 
increasing. 

[0025]Since phosphorescent materials of this invention show high-intensrty high-persistence extremely as mentioned 
above, and it is chemically stable, even if it excels in weatherability. and they compare it with phosphorescent materials 
of the conventional ZnS system, they enable use for a large use, such as not only indoor but the outdoor type. For 
example, it can apply to the surface of various articles, or can mix on plastics, rubber, vinyl chloride, a syntiietic resin, 
or glass, and can use for a road sign, a visual recognition display, accessories, leisure goods, a clock, OA equipment, 
educational aid, a safety sign, a building material, etc. as a molding body or a fluorescent screen. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] 
[Example 1] 

The raw material of the SrCOjaQ.S gMgO 4.0 gSiO2l2.0 gEu2O30.09gDy2O30.47gNH4CI 2.3 g above Is fully mixed, The 

alumina crucible was stuffed and it calcinated at 1 150 for 2 hours using the electric furnace in the reducing 
atmosphere of 2% of 98% of nitrogen hydrogen. Grinding, rinsing, desiccation, and screen analysis were performed for 
the obtained fired material, and phosphorescent materials were obtained. 

[0027]This fluorescent substance has the presentation of Sr^ g95MgSi207:EuQ and ^Vooib^^OOlb' ^® ^ diffraction 
figure of drawing 2 is shown, when it excites by 365-nm ultraviolet rays, an emission spectrum is as drawing 3 (curve 
a), and the emission peak wavelength has the blue light light storaging of 470 nm. The excitation spectrum had spread 
to the visible range like drawing 4 . The persistence characteristic showed long afterglow so that drawing 5 Ccurve a) 
might be shown. The glow curve was as drawing 6 . The emission peak wavelength of a fluorescent substance, the 
persistence characteristic (about the luminescence intensity of the 2-minute back of an exposure stop and 60 minutes 
after, it is a ZnSrCu yellowish green luminescence light storage fluorescent substance luminescence Intensity ratio 
made 100%), and the peak temperature value of the glow curve were indicated to Table 1 and 2. 
[0028][Example 2] 

The raw material of the SrC03l7.6 gCaCOgS.O gMgO 4.0 gSiO2l2.0 gEu2O30.09gDy2O30.47gNH4Br 3.3 g above is fully 

mixed. The alumina crucible was stuffed and it calcinated at 1200 in carbon reduction atmosphere for 2 hours using 
the electric furnace. Grinding, rinsing, desiccation, and screen analysis were performed for the obtained fired material, 
and phosphorescent materials were obtained. 

[0029]This fluorescent substance has the presentation of Sr^ 1 35(^^0 8^^^'2^7'^"0.005 ^^0.025^^0.025* W^^" 
excites by 365-nm ultraviolet rays, an emission spectrum is as drawing 3 ( curve b), and the peak has the green 
emission tight storaging of 500 nm. The persistence characteristic showed long afterglow so that drawing 5 ( curve b) 
might be shown. The glow curve was as drawing 6 ( curve b). The emission peak wavelength, persistence characteristic 
(luminescence intensity ratio which made 1 OOH the ZnS:Cu yellowish green luminescence li^^ storage fluorescent 
substance for the luminescence intensity of the 2-'minute back of an exposure stop and 60 minutes after), and glow 
peak temperature value of the fluorescent substance were Indicated to Table 1 and 2. 
[0030][Example 3] 

The raw material of the SrC03l4.7 gBaC03l9.7 gMgO 4.0 gSiO2l2.0 gEu2O30.09gDy2O30.47gNH4Br 2.68g above is fully 

mixed, The alumina crucible was stuffed and three between was calcinated at 1200 ** using the electric furnace in 3% 
of 97% of nitrogen hydrogen reducing atmosphere. Grinding, rinsing, desiccation, and screen analysis were performed for 
the obtained fired material, and phosphorescent materials were obtained. 

[0031]This fluorescent substance has the presentation of SrQgg^Ba^ 005^^0 025^''0025» When it excites by 

365-nm ultraviolet rays, an emission spectrum is as drawing 3 (curve c), and the peak has the blue-green luminescence 
light storaging of 500 nm. The persistence characteristic showed long afterglow so that drawing 5 (curve c) might be 
shown. The glow curve was as drawing 6 (curve c). The light emission peak value of a fluorescent substance, the 
persistence characteristic (luminescence intensity ratio which made ZnS:Cu yellowish green phosphorescent materials 
100% for the luminescence Intensity of the 2-minute back of an exposure stop and 60 minutes after), and the peak 
temperature value of the glow cun/e were indicated to Table 1 and 2. 

[0032] [Examples 4-19] The phosphorescent materials of Example 1 and Examples 4-19 which have the presentation of 
a statement in Table 1 in a similar way were obtained. The light emission peak value, persistence characteristic 
(luminescence intensity ratio which made 1 00% the ZnS:Cu yellowish green luminescence light storage fluorescent 
substance for the luminescence intensity of the 2-minute back of an exposure stop and 60 minutes after), and glow 
peak temperature value of the fluorescent substance of Examples 4-19 were indicated to Table 1 and 2. 
[0033][Gomparative examples 1-2] The Sr^ gggMgSi20^:Euo Q05 phosphorescent materials of the comparative example 1 
were obtained like Example 1 except having omitted combination of the co-activating agent element Ln and the 
halogen. The comparative example 2 made the reference sample the ZnS:Cu yellowish green luminescence 
phosphorescent materials by Kasel Optonix, Ltd. (LQ-Gl). The peak value of the emission peak wavelength of these 
fluorescent substances, the persistence characteristic (luminescence intensity ratio which made 100% ZnS:Gu yellowish 
green luminescence phosphorescent materials for the luminescence intensity of the 2-minute back of an exposure stop 
and 60 minutes after), and the glow curve was indicated to Table 1 and 2. 
[0034] 
[Table 1] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing lit he 0-<Mg, M^) 0-(Si. germanium) gO system which makes the parent of the phosphorescent materials of 

this invention (Sr. M^) — it is the graph which showed the ternary phase diagram of the oxide. 

[Drawing 2] It is the X diffraction figure which checked the crystal structure of the phosphorescent materials 

compounded in Example 1. 

[Drawing 3ll t is the graph which showed the emission spectrum when excited by 365-nm ultraviolet rays to the 
phosphorescent materials compounded in Examples 1~3. 

[Drawing 4] It is the graph which showed the excitation spectrum in each luminescence spectral peak of the 
phosphorescent materials of Example 1. 

[Drawing 5l lt is the graph which compared the persistence characteristic of the blue of Examples 1-3 and the 
comparative example 1 - green emission phosphorescent materials, and the yellowish green luminescence 
phosphorescent materials of the comparative example 2, 

[Drawing 6ll t is the graph which showed the thermolumlnescence characteristic (glow curve) of the phosphorescent 
materials of Examples 1-3. 
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